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(54) COMPOSITE POWER TRANSMISSION MECHANISM AND VEHICLE 



(57) A composite power transmission mechanism 
10, comprising the combination of a planetary gear unit 
15 and a differential planetary gear mechanism 16, 
wherein a planetary gear is connected with a drive shaft 
of a vehicle, while other three gears let the shafts of the 
motor 12, a motor 13 and an engine 11 rotate respec- 
tively. The drive shaft of the vehicle is made to rotate by 



means of the planetary gear of the composite power 
transmission mechanism; since the rotation of different 
sources of a driving force, i.e., those of the motor 12, 
the motor 13 and the engine 11, can be transmitted to 
one another by only one meshing of the gears, the me- 
chanical loss that is dependent on the number of times 
of the meshing of the gears can be reduced to a mini- 
mum. 
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Description 



Technical Field 

[0001] The present invention relates to a power transmission mechanism for a vehicle, and more particularly to a 
power transmission mechanism which is suitable for the composition or distribution of the power obtained from a piu- 
r ality of power generator s, and to a vehicle provided with such power transmission mechanism. * 



Background Art 

w 

[0002] Recently, the hybrid vehicle mounted with both an internal combustion engine and an electric motor is coming 
to attract the public attention. Although the hybrid vehicle is available in various forms, a first prior art is one designed 
to distribute the mechanical power produced by an internal combustion engine by means of a differential gear mech- 
anism. An example of the differential gear mechanism includes the planetary gear mechanism, which comprises three 

'5 input gears, namely the sun gear, the carrier and the ring gear, it is characteristic, however, that the number of revolution 
of one shaft serves as a weighted additional factor to the number of revolution of each of two other shafts. Where it is 
designed that the traveling speed of a vehicle is defined by the primary combination of the number of revolution of an 
engine and the number of revolution of an electric motor, It becomes possible to let an engine operate at the optimal 
number of revolution at ail times, regardless of the traveling speed of a vehicle, by controlling the number of the rev- 

20 olution of an electric motor. This example is disclosed in Japanese Patent Laid-Open No. 7-336810. The scheme 
disclosed is advantageous in that the size of a vehicle can be made compact as a hybrid vehicle because the mechanical 
speed change gear can be omitted. 

[0003] Besides the above prior art, there is a second prior art disclosed by Japanese Patent Laid-Open No. 
11-301291. This prior art relates to a speed change gear designed for distributing the energy of the driving power 
25 source among a plurality of differential gear mechanisms, as well as for synthesizing the energies outputted from a 
plurality of electric motors, respectively connected with the plurality of differential gear mechanisms, and those output- 
ted from the plurality of differential gear mechanisms. This art, when compared with the first prior art, provides a wider 
speed change range where the size of the electric motor is fixed. This provides an advantage that the performance of 
the vehicle can be improved. 

30 [0004] On the other hand, however, this prior art gives rise to a problem that the vehicle drive mechanism using a 
plurality of differential gears is accompanied by the increase in the number of times of gear meshing operation and 
resulting increase in the mechanical loss. A first object of the present invention is to control the mechanical loss of a 
vehicle having a plurality of differential gears to a minimum. 

[0005] Incidentally, as discussed previously, the planetary gear has the characteristic suitable for the use on the 
35 hybrid vehicle. However, in general, it is difficult to satisfy the conditions for obtaining a. desired gearratio of the planetary 
gear mechanism and thus it is not always possible to obtain the desired gear ratio. A second object of the present 
invention is to realize a power transmission mechanism having a design freedom that is wide enough to provide a 
desired gear ratio and applicable to the hybrid vehicle with an electric speed change mechanism having a wide speed 
change range. 

40 

Disclosure of Invention 



[0006] The present invention provides a vehicle provided with a composite power transmission mechanism, said 
mechanism including: a first shaft that is rotated by a planetary gear; and second, third, and fourth shafts that are 
<5 rotated respectively by gears directly meshing with the planetary gear; wherein the first shaft is connected with a driving 
shaft of the vehicle; the second shaft is connected with an engine; and the third shaft and the fourth shaft are connected 
respectively with an electric rotary machine. 

[0007] The driving shaft of the vehicle is made to revolve by means of the planetary gear of the composite power 
transmission mechanism, and the planetary gear is capable of transmitting the power of respective driving power 

so sources, i.e., the electric rotary machine and the engine to each other, when the gears are meshed once with one 
another, so that the mechanical loss resulting from the meshing of the gears can be controlled to a minimum. 
[0008] Further, the present invention provides a composite power transmission mechanism for a vehicle including 
at least three mechanical power generators and corresponding output shafts, wherein the composite power transmis- 
sion mechanism includes a sun gear A, a sun gear B, a revolution gear A, a revolution gear B and an internal gear; 

55 the sun gear A, the revolution gear A and the internal gear A constitute a planetary gear mechanism; the revolution 
gear B is connected with the revolution gear A so as to rotate about its own axis and to revolve at the same speed as 
the revolution gear A; the revolution gear B meshes with the sun gear B; the sun gear A, the sun gear B and the internal 
gear are connected respectively with the mechanical power generator either directly or through a mechanical power 
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transmission mechanism; and a carrier of the planetary gear mechanism and the output shaft are connected with each 
other either directly or through the mechanical power transmission mechanism. 

[0009] The present invention provides a composite power transmission mechanism for a vehicle including at least 
three mechanical power generators and corresponding output shafts, wherein the composite power transmission mech- 
anism includes a sun gear A, a sun gear B, a sun gear C, a revolution gear A, a revolution gear B, a revolution gear 
C and a carrier; the sun gear A meshes with the revolution gear A; the sun gear B meshes with the revolution gear B; 
the sun gear C meshes with the revolution gear C; the revolution gear A, the revolution gear B and the revolution gear 
C are connected with one another so as to rotate about their own axes at the same speed; the carrier holdsthe revolution 
gear A, the revolution gear B and the revolution gear C so as to enable these gears to revolve at the same speed; the 
sun gear A, the sun gear B and the sun gear C are connected respectively with the mechanical power generator, and 
the carrier is connected with the output shaft either directly or through a mechanical power transmission mechanism. 
[0010] The present invention provides a composite power transmission mechanism for a vehicle including at least 
three mechanical power generators and corresponding output shafts, wherein the composite power transmission mech- 
anism includes a sun gear A, a sun gear B, a sun gear C, a revolution gear A, a revolution gear B, a revolution gear" 
C, an intermediary revolution gear and a carrier; the sun gear A meshes with the revolution gear A; the sun gear B 
meshes with the revolution gear B; the sun gear C meshes with the revolution gear C through the intermediary revolution 
gear; the revolution gear A, the revolution gear B and the revolution gear C are connected with one another so as to 
rotate about their own axes at the same speed; the carrier holds the revolution gear A, the revolution gear B, the 
revolution gear C and the intermediary gear so as to enable these gears to revolve at the same speed; the sun gear 
A, the sun gear B and the sun gear C are connected respectively with the mechanical power generator either directly 
or through a mechanical power transmission mechanism; and the carrier is connected with the output shaft either 
directly or through the mechanical power transmission mechanism. 

[0011] The present invention provides a composite power transmission mechanism for a vehicle including at least 
three mechanical power generators and corresponding output shafts, wherein the composite power transmission mech- 
anism includes a sun gear A, a sun gear B, a revolution gear A, a revolution gear B, an intermediary revolution gear 
and an internal gear; the sun gear A, the revolution gear A, the intermediary gear and the internal gear constitute a 
double pinion planetary gear mechanism; the composite power transmission mechanism includes the revolution gear 
B that is connected with the revolution gear A so as to rotate about its own axis and to revolve at the same speed as 
the revolution gear A; the revolution gear B meshes with the sun gear B; the sun gear A, the sun gear B and the internal 
gear are connected respectively with the mechanical power generator either directly or through a mechanical power 
transmission mechanism; a carrier of the double pinion planetary gear mechanism is connected with the output shaft 
either directly or through the mechanical power transmission mechanism. 

[0012] The present invention provides a composite power transmission mechanism including at least three mechan- 
ical power. generators and corresponding output shafts, wherein the composite power transmission mechanism in- 
cludes a sun gear A, a sun gear B, a revolution gear A, a revolution gear B, an intermediary revolution gear A, an 
intermediary revolution gear B and an internal gear; the sun gear A, the revolution gear A, the intermediary revolution 
gear and the internal gear constitute a double pinion planetary gear mechanism; the composite power transmission 
mechanism includes the revolution gear B that is connected with the. revolution gear A so as to rotate about its own 
axis and to revolve at the same speed as the revolution gear A; the revolution gear B meshes with the sun gear B 
through the intermediary revolution gear B; the sun gear A, the sun gear B and the internal gear are connected re- 
spectively with the mechanical power generator either directly or through a mechanical power transmission mechanism; 
and a carrier of the double pinion planetary gear mechanism is connected with the output shaft either directly or through 
the mechanical power transmission mechanism. 

[0013] The present invention provides, in a composite power transmission mechanism including at least three me- 
chanical power generators and corresponding mechanical output shafts, wherein the rotating speed, wi (i = 1, 2, ...), 
of each of the mechanical power generators is expressed as a)i = kel coe + kvicov (i = 1,2, ...; kei ? 0; kvi ? 0) where 
o>e = the rotating speed of each mechanical power generator, and tov = the rotating speed of each of the mechanical 
output shafts, composite power transmission means in which the composite power transmission mechanism includes 
a sun gear A, a sun gear B, a revolution gear A, a revolution gear B and a carrier; the revolution gear A and the 
revolution gear B rotate about their own axes at the same speed; the revolution gear A and the revolution gear B are 
connected respectively with the carrier so as to revolve at the same speed; and the revolution gear A meshes with the 
sun gear A; and the revolution gear B meshes with the sun gear B. 

Brief Description of Drawings 

[0014] 

Fig. 1 shows a composite power transmission apparatus according to an embodiment of the present invention. 
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Fig. 2 is a diagram Illustrating a differential planetary gear mechanism. 

Fig. 3 is a graphic diagram showing gear ratios available for the differential planetary gear mechanism. 
Fig. 4 is a diagram illustrating a 4-shaft differential gear mechanism. 
Fig. 5 is a diagram illustrating an effective gear arrangement. 
5 Fig. 6 shows another embodiment of the present invention. 

Best Mode for Carrying out the Invention 

[001 5] Embodiments of the present invention will be described below. 

10 [001 6] Fig. 1 shows a composite power transmission apparatus according to an embodiment of the present invention . 
For easier visual observation of the meshing among the gears and the like, a skeleton diagram is used. In this diagram, 
reference numeral 10 represents a composite power transmission mechanism, and 11, an engine; 12a represents a 
stator of an electric motor A; 12b, a rotor of the electric motor A; 1 2c, a rotor position detector for the electric motor A. 
When a DC motor is used as the electric motor A, or when the position-sensor-less control method is adopted, the 

is rotor position detector 1 2c for the electric motor A may be omitted. Reference character 1 3a represents a stator of an 
electric motor B; 13b, a rotor of the electric motor B; 13c, a rotor position detector of the electric motor B. Further, 
similarly to the case of the electric motor A, in the case of the electric motor B, the rotor position detector 13c may be 
omitted. 

[001 7] The composite power transmission mechanism 1 0 is primarily designed for being mounted on the vehicle and 
20 assuming an engine 11 as being a main power source. Reference numeral 14 represents an output shaft that is con- 
nected with wheels (not shown) to drive a vehicle. The composite power transmission mechanism 10 provides the 
speed changing operation, the engine starting function, the torque assisting function or the like by properly controlling 
the number of revolution and the driving torque of the electric motors A 1 2 and B 1 3. Reference numeral 1 5 represents 
the planetary gear unit and 1 6, the differential planetary gear unit, which constitute the composite power transmission 
25 mechanism 1 0 according to the present invention. The fashions of connection and the functions of the planetary gear 
unit 15 and the differential planetary gear unit 16 will be described later. Further, reference numeral 17 represents a 
reduction gear which is realized by means of the planetary gear mechanism. 

[0018] In the case given in Fig. 1, for compactness, the stator 13a having a relatively small diameter is disposed 
inside the stator 12a of the electric motor A. Further, from the simitar reason, the planetary. gear unit 15 is disposed 

30 inside the stator 12a of the electric motor A, while the position detector 12c of the electric motor A is disposed inside 
the rotor 12b of the electric motor A. Further, the rotating shaft of the engine extends through the composite power 
transmission mechanism 10 in order to ensure the desired strength and the centering accuracy thereof. 
[0019] Fig. 2A is a skeleton diagram of the differential planetary gear unit 1 6, and Fig. 2B is a collinear diagram of 
the former. Further, symbol S represents a sun gear A; Q, a sun gear B; C, a carrier. Further, symbol E represents the 

35 rotating shaft of the engine 11 ; V, an output shaft 14; B\ a rotating shaft of the electric motor B1 3 whose speed is to 
be reduced by the reduction gear 17. In Fig. 2A, reference numeral 21 represents the sun gear A; 22, a revolution gear 
A; 23, a revolution gear B; 24, a revolution gear holder, 25, the sun gear B. Further, the revolution gear A 22 and the 
revolution gear B 23 have a common rotating shaft, the common rotating shaft being attached to the revolution gear 
holder 24 so as to rotate around the rotating shaft of the revolution gear holder 24. 

40 [0020] Given that the radius of the sun gear A 21 is rs; the radius of the revolution gear A 22, as rp1 ; the radius of 
the revolution gear B 23, as rp2; the distance from the rotating shaft of the revolution gear holder 24 to the rotating 
shaft of the revolution gear A 22 and the rotating shaft of the revolution gear B 23, as re respectively; the radius of the 
sun gear B 25, as rq; the rotating speed of the sun gear A 21 , as ws; the rotating speed of the revolution gear holder 
24, as ooc; and the rotating speed of the sun gear B 25, as coq; the relationships given below holds among the revolving 
speeds. 

<oc = -Po)S + (1 + p)o>q (1), 

so provided that 

p = rs-rp2/(rp.rp1 - rsrp2) (2) 

55 [0021] The above relationships in collinear expression are as given in Fig. 2B. 

[0022] The planetary gear mechanism is known as a mechanical means for realizing the conditions represented by 
the collinear diagram similar to one given in Fig. 2B. For comparison with the differential planetary gear mechanism, 
the relationship among different numbers of rotation of the shafts can be given by the following expression: 
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we = aws + (1 - a) a>r (3) 

a = rs/(rs + rr) (4) 

where the radius of the sun gear is given as rs; the radius of the ring gear as rr; the number of rotation of the sun gear, 
as cos; the number of rotation of the carrier, as <oc; and the number of rotation of the ring gear, as car. 
[0023] In general, the planetary gear mechanism is advantageous in that large gear ratios can be realized easily 
with a relatively compact gear mechanism, but the planetary gear system has some geometrical limitations, for instance, 
with respect to the conditions for the central gear, the conditions for meshing, the conditions for external form and the 
like, so that it is difficult to freely set the. gear ratios among various rotating shafts. Further, since rs < rr structurally, 
the value of a can be taken only within the range of 0 - 0.5 at the most. The range of a becomes smaller when the 
limiting conditions due to the external form are taken into account. 

[0024] The composite power transmission mechanism 1 0 according to the present invention includes a differential 
planetary gear mechanism as Is given In Fig. 2A In order to reduce the problems mentioned in the above. This arrange- 
ment is less subject to the geometrical limitations than that using the planetary gear mechanism, thereby providing a 
greater design freedom. For instance, in the case represented by Eq. (2), when the parameter k, as is defined by Eq. 
(3) given below, is used, the range of the value that can be taken for p in Eqs. (1 ) and (2) will be as given in Fig. 3. 

k=rs.rp2/(rq.rp1) (5) 



[0025] As seen from Fig. 3, the differential planetary gear mechanism shown in Fig. 2 enables the value of the design 
constant p to be varied largely relative to the design constant a in the case of the planetary gear mechanism. Therefore, 
in designing the composite power transmission mechanism, it is possible to select either the planetary gear mechanism 
or the differential planetary gear mechanism depending on the given design values, thereby enabling optimal gear 
30 ratios to be provided with a relatively simple mechanism. This enables us to expect the effects such as the reduction 
in the number of necessary gears, the resultant reduction of the mechanical loss, and further compactness of the 
mechanical system. 

[0026] The mechanical elements constituting the composite power transmission mechanism according to an em- 
bodiment of the present invention is given in Fig. 4A. This embodiment includes four rotating shafts, i.e., those of the 
engine 11, the electric motor A 12, the electric motor B 13, and the output shaft 14, and thus a 4-shaft differential gear 
mechanism 18 is realized by combining the planetary gear unit 15 and the differential planetary gear unit 16. In this 
embodiment, the revolution gear of the planetary gear unit 1 5 and the revolution gear of the differential planetary gear 
unit 16 are connected with each other through a rigid body and are not only rotated at the same speed but also held 
by a common carrier. Further, with respect to this embodiment, the collinear diagram of the planetary gear unit 15 is 
shown in Fig. 4B; the collinear diagram of the differential planetary gear unit 16, in Fig. 4C; the collinear diagram 
showing the combination of the Fig. 4B and Fig. 4B is shown in Fig. 4D. In this diagram, symbol R represents the ring 
gear, while A represents the rotating shaft of the electric motor A 12. 

[0027] As seen from Fig. 4D, in the case of the present mechanism, when the rotating speeds of any two, out of the 
shaft and the output shaft of the engine, the rotating shaft of the electric motor A and the rotating shaft of the electric 
motor B : are determined, the rotating speeds of the remaining two are determined automatically. This relationship can 
be expressed by Eq. (6) given below. 



: kei-we + kviov (i = 1,2, .... kei ? 0; kvi ? 0) (6) 



where <oe = number of revolutions of the engine; <ov = number of rotation of the output shaft; <oi = numbers of revolutions 
of the remaining rotating shafts. In order to generalize what is discussed above, i is assumed to be natural numbers 
of 2 or more; however, in the case of the composite power transmission mechanism given in Fig. 1, i is 1 or 2, which 
represent the numbers of revolution of the electric motor A 12 and the electric motor B 13 respectively. Further, in this 
55 case, the conditions that kei ? 0 and kvi ? 0, are given, and these conditions are given because of the fact that the 
present invention relates to the composite power transmission mechanism that requires the combination of the plan- 
etary gear mechanism and the differential gear planetary gear mechanism. For instance, in this embodiment, when 
the conditions, ke1 = 0 and u>1 = oa (the number of rotation of the rotating shaft of the electric motor A 12), are given, 
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it follows that toa = kv1 tov, so that the immediately preceding equation holds when the rotating shaft and the output 
shaft of the electric motor A are connected with each other through a spur gear. In this case, the composite power 
transmission mechanism can be obtained, for example, only with a set of planetary gear mechanism and thus do not 
require combination with the differential gear mechanism like the case of the present invention. 

5 [0028] As discussed previously, in the case of the arrangement such as one given in Fig. 1 , when the numbers of 
. rotation of any two out of the engine 11 , the electric motor A 12, the electric motor B 13, and the output shaft 14 are 
determined, the numbers of rotation of the remaining two are determined automatically. In this case, however, it is 
necessary to differentiate the numbers of rotation of the two in order to determine the numbers of rotation of the re- 
mainders. This can be realized by using two or more differential mechanisms. Such a characteristic not only enables 

10 the electric motor to be operated at the number of rotation differing substantially from the number of revolution of the 
engine and the number of rotation of the output shaft but also is convenient for the electric motor in increasing the 
number of its rotation, decreasing its torque and decreasing its operational loss. On the other hand, however, the 
performance of the vehicle becomes largely dependent on the selection of the gear ratios, thereby making it essential 
to use the differential gear mechanism allowing a wide range of freedom in selecting the gear ratio. 

is [0029] The present invention is made to fill the needs discussed in the above. As shown in Fig. 3, the differential 
planetary gear mechanism has a greater gear ratio setting freedom than the differential gear mechanism wherein the 
gear ratio setting freedom is dependent on the planetary gears, and so in the case of the differential planetary gear 
mechanism, the parameter p can be set with relatively greater freedom according to the requirements of the vehicle 
or the electric motor. Further, as discussed previously, since the planetary gear mechanism is suitable for the formation 

20 of the mechanism having large gear ratios, they are preferable to be used selectively according to the characteristic 
of the vehicle. 

[0030] Another feature of the present invention is that the output shaft is connected with the carrier of the differential 
gear mechanism. The 4-shaft differential gear mechanism according to the present invention is designed to be capable 
of transmitting the torque of any rotating shaft to the carrier through only one meshing between the gears. This means 
25 that, when taking the power through the output shaft 14, the power can be supplied at the cost of only one meshing 
between the gears, regardless of the sources of the power such as the engine 11 , the electric motor A 12 and the 
electric motor B 1 3. This enables the composite power transmission mechanism to be realized with a small mechanical 
loss. 

[0031] The mechanism comprising the differential planetary gear mechanism has been discussed in the foregoing, 

30 but a double pinion planetary gear mechanism may be substituted. The double pinion planetary gear mechanism 
comprises a first revolution gear meshing with a sun gear and a second revolution gear meshing with an internal gear, 
the first revolution gear and the second revolution gear being respectively held in holders so as to rotate at the same 
revolving speed, so that the first revolution gear and the second revolution gear mesh with each other. This mechanism , 
although having a problem that its size structurally tends to increase in radial direction, produces the effect similar to 

35 that of the differential planetary gear mechanism. The arrangements of the gears designed for realizing the objects of 
the present invention are collectively shown in Fig. 5. The units of the gear mechanisms whose characteristics are 
determined by Eq. (3) and Eq. (4) are called the a type units, while those whose characteristics are determined by Eq. 
(1) and Eq. (2) are called the p type units. Fig. 5A shows the 4-shaft differential gear mechanism shown in Fig. 1 . As 
mentioned previously, a wide design freedom is required in designing the composite power transmission mechanism, 

40 and so it is desirable for the mechanism to include the (J type unit. 

[0032] Fig. 6 shows another embodiment of the present invention. Here, an example of the 4-shaft differential gear 
mechanism as is shown in Fig. 5C is discussed. The feature of the present embodiment lies in that the diameter of the 
4-shaft differential gear mechanism is reduced so that even if an ordinary electric motor is installed in parallel with the 
4-shaft differential gear mechanism, satisfactory mounting characteristics are assured. Further, in the embodiment 

4 5 shown In Fig. 6, the electric motor A 1 2 may be Installed coaxially with the rotating shaft of the engine 11 so that the 
4-shaft differential gear mechanism can be disposed inside the electric motor A12. 

Industrial Applicability 

50 [0033] The present invention relates to a composite power transmission mechanism for the vehicle comprising at 
least three mechanical power generators and corresponding output shafts and designed for being capable of freery 
varying the ratio between the number of revolution of the engine and the number of revolution of the wheel shaft. 
[0034] Such mechanism, however, when combined with the conventional gear mechanism, gives rise to a problem 
such that the number of meshing among the gears increase, causing the increase in mechanical loss and the increase 

55 jn the size of the mechanism. However, according to the present invention, the basic part of such mechanism can 
easily be realized to thereby enable the overall size of the mechanism and the mechanical loss to be reduced. 
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Claims 

1. A vehicle provided with a composite power transmission mechanism, said mechanism including: 
a first shaft that is rotated by a planetary gear; and 

second, third, and fourth shafts that are rotated respectively by gears directly meshing with said planetary gear; 

wherein said first shaft is connected with a driving shaft of the vehicle; said second shaft is connected with 
an engine; and said third shaft and said fourth shaft are connected respectively with an electric rotary machine. 

2. A composite power transmission mechanism for a vehicle including at least three mechanical power generators 
and corresponding output shafts, 

wherein said composite power transmission mechanism includes a sun gear A, a sun gear B, a revolution 
gear A, a revolution gear B and an internal gear; the sun gear A, the. revolution gear A and the internal gear A 
constitute a planetary gear mechanism; the revolution gear 8 is connected with the revolution gear A so as to 
rotate about its own axis and to revolve at the same speed as the revolution gear A; the revolution gear B meshes 
with the sun gear B; the sun gear A, the sun gear B and the internal gear are connected respectively with the 
mechanical power generator either directly or through a mechanical power transmission mechanism; and a carrier 
of said planetary gear mechanism and said output shaft are connected with each other either directly or through 
the mechanical power transmission mechanism. 

3. A composite power transmission mechanism for a vehicle including at least three mechanical power generators 
and corresponding output shafts, 

wherein the composite power transmission mechanism includes a sun gear A, a sun gear B, a sun gear C, 
a revolution gear A, a revolution gear B, a revolution gearC and a carrier; the sun gear A meshes with the revolution 
gear A; the sun gear B meshes with the revolution gear B; the sun gear C.meshes with the revolution gear C; the 
revolution gear A, the revolution gear B and the revolution gear C are connected with one another so as to rotate 
about their own axes at the same speed; the earner holds the revolution gear A, the revolution gear B and the 
revolution gear C so as to enable these gears to revolve at the same speed; the sun gear A, the sun gear B and 
30 the sun gear C are connected respectively with the mechanical power generator; and the carrier is connected with 

the output shaft either directly or through a mechanical power transmission mechanism. 

4. A composite power transmission mechanism for a vehicle including at least three mechanical power generators 
and corresponding output shafts, 

wherein the composite power transmission mechanism includes a sun gear A, a sun gear B, a sun gear C, 
a revolution gear A, a revolution gear B, a revolution gear C, an intermediary revolution gear and a carrier; the sun 
gear A meshes with the revolution gear A; the sun gear B meshes with the revolution gear B; the sun gear C 
meshes with the revolution gear C through the intermediary revolution gear; the revolution gear A, the revolution 
gear B and the revolution gear C are connected with one another so as to rotate about their own axes at the same 
speed; the carrier holds the revolution gear A, the revolution gear B, the revolution gear C and the intermediary 
gear so as to enable these gears to revolve at the same speed; the sun gear A, the sun gear B and the sun gear 
C are connected respectively with the mechanical power generator either directly or through a mechanical power 
transmission mechanism; and the carrier is connected with the output shaft either directly or through the mechanical 
power transmission mechanism. 
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5. A composite power transmission mechanism for a vehicle Including at least three mechanical power generators 
and corresponding output shafts, 

wherein the composite power transmission mechanism includes a sun gear A, a sun gear B, a revolution 
gear A, a revolution gear B, an intermediary revolution gear and an internal gear; the sun gear A, the revolution 
gear A, the intermediary gear and the internal gear constitute a double pinion planetary gear mechanism; the 
composite power transmission mechanism includes the revolution gear B that is connected with the revolution 
gear A so as to rotate about its own axis and to revolve at the same speed as the revolution gear A; the revolution 
gear B meshes with the sun gear B; the sun gear A, the sun gear B and the internal gear are connected respectively 
with the mechanical power generator either directly or through a mechanical power transmission mechanism; a 
carrier of the double pinion planetary gear mechanism is connected with the output shaft either directly or through 
the mechanical power transmission mechanism. 

6. A composite power transmission mechanism including at least three mechanical power generators and corre- 
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sponding output shafts, 

wherein the composite power transmission mechanism includes a sun gear A, a sun gear B, a revolution 
gear A, a revolution gear B, an intermediary revolution gear A, an intermediary revolution gear B and an internal 
gear; the sun gear A, the revolution gear A, the intermediary revolution gear and the internal gear constitute a 
double pinion planetary gear mechanism; the composite power transmission mechanism includes the revolution 
gear B that is connected with the revolution gear A so as to rotate about its own axis and to revolve at the same 
speed as the revolution gear A; the revolution gear B meshes with the sun gear B through the intermediary revo- 
lution gear B; the sun gear A, the sun gear B and the internal gear are connected respectively with the mechanical 
power generator either directly or through a mechanical power transmission mechanism; and a carrier of the double 
pinion planetary gear mechanism is con nected with the output shaft either directly or through the mechanical power 
transmission mechanism. 
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7. In a composite power transmission mechanism including at least three mechanical power generators and corre- 
sponding mechanical output shafts, wherein the rotating speed, oi (i = 1, 2, ...), of each of the mechanical power 

is generators is expressed as <oi = keio>e + kvia>v <i = 1 , 2, ...; kei ? 0; kvi ? 0) where coe = the rotating speed of each 

mechanical power generator, and wv = the rotating speed of each of the mechanical output shafts, 

composite power transmission means in which the composite power transmission mechanism Includes a 
sun gear A, a sun gear B, a revolution gear A, a revolution gear B and a carrier; the revolution gear A and the 
revolution gear B rotate about their own axes at the same speed; the revolution gear A and the revolution gear B 
are connected respectively with the carrier so as to revolve at the same speed; and the revolution gear A meshes 
with the sun gear A; and the revolution gear B meshes with the sun gear B. 

8. The composite power transmission means according to claim 7, wherein the carrier is connected with the mechan- 
ical output shaft either directly or through a mechanical power transmission mechanism. 

25 

9. The composite power transmission mechanism according to any one of claims 2 through 8, wherein the composite 
power transmission mechanism includes an electric motor disposed on the rotating shaft; the electric motor is 
connected with the rotating shaft; the composite power transmission mechanism includes gears to constitute the 
composite power transmission mechanism inside the electric motor. 

10. The composite power transmission mechanism according to any one of claims 2 through 8, wherein a position 
detector of the electric motor is provided inside the electric motor. 

11. The composite power transmission mechanism according to any one of the claims 2 though 8, wherein the com- 
35 posite power transmission mechanism includes two or more electric motors; of the two or more electric motors, 

one whose diameter is smaller than that of others is partially disposed inside an electric motor having a larger 
diameter. 

12. The composite power transmission mechanism according to any one of claims 9 through 11 , wherein the rotating 
*o shaft, which is connected with one of the mechanical power generators which generates the largest torque of all, 

extends through the composite power transmission mechanism. 

13. A vehicle including the composite power transmission mechanism according to any one of claims 2 through 12. 
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